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Introduction
Laparoscopic surgery is less invasive than open surgery, and it is now widely performed in various surgical fields (1). However, laparoscopic surgery is more difficult than open surgery and often requires additional time for the operator to achieve mastery (2) . This may be because the field of operation is 2-D, which makes it is difficult for operators to have a sense of the distance and angles in the images (3) . Consequently, operators require more time to get accustomed to and master laparoscopic techniques, and the learning curve for laparoscopic surgery is greater than that for open surgery (4) .
Recent technological progress has been remarkable. Highspec computers are rapidly being developed. Moreover, the computer, which was once for desktops only, is now available as smartphones (5) . Autonomous cars may soon be on the market, and artificial intelligence is currently being developed for corporations and individuals (6) (7) (8) . When
Google's software library for machine learning, TensorFlow, became open source in 2015, artificial intelligence became democratized (6) . In addition, high-spec and cheap devices, such as Raspberry Pi, enable individuals to envision and develop useful system prototypes (9) (10) (11) (12) .
We aimed to apply these technological advances to surgery and investigated assistive technology for uniform and safe laparoscopic surgery. First, we investigated using augmented reality (AR) to help operators practice holding needles with forceps. The appropriate method for holding a needle with forceps is a basic but important technique in laparoscopic surgery. In gynecologic laparoscopic surgery, this technique is used when suturing the vaginal stump and uterine muscles (13) (14) (15) (16) . However, needle placement is sometimes inappropriate due to hold angles, as the operational field is 2-D. To correct this, we investigated introducing AR to view the operational images.
In addition, we investigated the use of a gyro sensor to help stabilize images during laparoscopic surgery, regardless of operator ability. During laparoscopic surgery, camera handling is performed by the assistant, and instability or tilting of the images may become an issue. A difference of a few degrees could be critical and prevent the operation from progressing smoothly. To overcome this issue, we investigated the use of a gyro sensor.
This study is preliminary, but the proposed assistive technologies may be realistically applicable to surgery. As technology now allows individuals to develop devices and robot prototypes, creative ideas may also come from doctors in clinical practice.
Materials and Methods

Augmented reality (AR)
We used the OpenCV2 library https://opencv.org for AR and ArUco https://docs.opencv.org/3.3.0/index.html for marker detection. Briefly, Open Source Computer Vision Library, known as OpenCV, was designed for computational efficiency with a strong focus on real-time applications. Providers say that "An ArUco marker is a synthetic square marker composed by a wide black border and an inner binary matrix which determines its identifier (id). The black border facilitates its fast detection in the image and the binary codification allows its identification and the application of error detection and correction techniques. The marker size determines the size of the internal matrix. For instance, a marker size of 4 × 4 is composed by 16 bits (https://docs.opencv.org/3. 1.0/d5/dae/tutorial_aruco_detection.html)." We referred to the code in the official tutorial. We printed an ArUco marker and attached it to the needle holder.
Gyro sensor
A gyro sensor is a device that can sense angular velocity, which enables the detection of posture changes. We used Sense HAT (Raspberry Pi Foundation, Cambridge, United Kingdom) as the gyro sensor and referred to the code in the official tutorial. The Sense HAT is an add-on board for Raspberry Pi. The board allowed us to measure temperature, humidity, pressure, and orientation as well as to output information using its built-in LED matrix. We placed the camera onto the Sense HAT.
Validation test
To investigate whether our suggested methods were useful, we carried out validation studies by recruiting five doctors. As the objective of our study was to explore assistive technologies for novice surgeons, we recruited five residents. Two of the residents were junior residents (career <2 years), and the others were senior residents (gynecologists with careers <5 years). The senior residents are co-authors.
To test the usefulness of AR, we investigated whether needle placement improved in the presence of AR. In short, the doctors were instructed to hold the needle inside the dry box, and we monitored whether the needle placement was appropriate outside the dry box.
To test the usefulness of the gyro sensor, we investigated whether the doctors could point to the target area inside the dry box with the forceps while we rotated the camera by 45 to the right or left.
In each experiment, the procedures were performed five times, and the number of successful attempts was recorded.
Development environment
The development platform used in this study was Mac OS X 10.11.3 (Apple, Cupertino, USA) and Raspberry Pi 3, model B (https://www.raspberrypi.org).
Results
Introducing the ArUco marker to the needle holder
By attaching the ArUco marker to the needle holder, we could draw a line vertical to the marker. When a doctor holds the needle, they can imagine a cube, and both the needle and lines of the cube can be used to determine the appropriate position of the needle (Figure 1a) . It is not easy to distinguish the appropriate position from an inappropriate position (Figure 1b ), but the model may be improved by modifying the line position and changing the AR to a needle-like appearance.
Image stabilization using a gyro sensor
By attaching the gyro sensor to the camera, we detected the camera's rotation angles and rotated the image by the detected degrees to obtain stabilized images. As shown in Figure 2 , we obtained stabilized images regardless of the camera's position or angle.
Evaluation of the usefulness of assistive technologies
We recorded the number of successful attempts and evaluated the usefulness of AR and the gyro sensor.
As shown in Figure 3 , AR appeared to be especially helpful for junior residents, and the gyro sensor appeared to be useful for every resident.
Discussion
In this study, we developed assistive technology for uniform laparoscopic surgery.
Laparoscopic surgery is now common in various medical fields; however, it takes much longer to master laparoscopic In theory, the needle hold allows us to imagine a cube by placing both the needle and lines in the appropriate position. Figure 3 Evaluation of the usefulness of assistive technologies. We recruited five residents: two junior residents (career <2 years) and three senior residents (gynecologists with careers <5 years). The experiments were small-scale, and we did not observe a statistically significant difference between junior and senior residents. AR, augmented reality; AR−, placement test without AR; AR+, placement test with AR; Gyro−, targeting test without gyro sensor; Gyro+, targeting test with gyro sensor. surgery than open surgery (1, 17) . Surgeons must learn and practice laparoscopic surgery techniques but cannot always focus on laparoscopy training. Therefore, we developed prototypes of assistive technology in laparoscopic surgery that may help operators perform laparoscopic surgery easily and safely, regardless of their existing abilities.
AR is now gaining attention in some applications (18, 19) . In this study, we used OpenCV2 and an ArUco marker to introduce AR. The OpenCV2 library was easy to use and enabled us to obtain consecutive converted images in real time. Furthermore, the ArUco marker on the needle holder could be recognized by the AR system despite its small size (Figure 1) . We (including a gynecologist qualified by the Endoscopic Surgical Skill Qualification System) consider that this AR system might be useful in dry-box training for residents. We imagine that the marker can be used by embedding it in or depicting it directly on the needle holder. In addition, we believe AR can be applied in various ways by changing the augmentation patterns-for example, measuring tumor diameter by displaying rulers.
Raspberry Pi is a high-spec and cheap application that was originally developed to educate children (9-12). However, it can also be used to develop prototypes for devices and robots by combining various sensors. In this study, we explored stabilizing laparoscopic images using a gyro sensor and obtained consecutive converted images in real time. We believe this camera setup may be especially useful for suturing, as tilting images by even a few degrees during surgery can place a lot of stress on the operator. As such, we believe that this camera equipped with a gyro sensor is applicable to clinical practice. In addition, the gyro sensor may be used to alert the user to image instability as well as to record the instability to objectively determine an assistant's ability.
This study is preliminary and is limited by the lack of testing in clinical practice. However, the AR system may be applicable to surgery. Creative ideas from doctors in collaboration with medical engineering may lead to the development of useful assistive technology for laparoscopic surgery.
